An experiment, to investigate the effect of changes in ruminal levels of fermentation products on eating and rumination behaviour related to feed utilization, acetic and propionic acids, which provided 300 kcal/d/head, is reported. Two sheep fed a hay diet alone were continuously infused VFAs into the rumen in a crossover design over 12 days period. The average daily eating time and rumination appearance (lag time after eating) tended to be prolonged with infusions of both acids, but not significantly. Daily time spent ruminating was almost similar in VFAs infused and control groups. Apparent digestibility of organic matter, crude protein and crude fibre were fairly reduced after infusion of acetic acid, although there are no changes in nutrient digestibility after propionic acid infusion. Urinary nitrogen excretion was markedly reduced, and consequently, the nitrogen retention was clearly increased after VFAs infusion, and then in particular, the retained nitrogen was significantly more after acetic acid infusion than that in control. The blood glucose level was markedly increased after propionic acid infusion, though there was no change in blood glucose level in acetic acid infusion.
INTRODUCTION
It has been shown that the time spent ruminating is obviously decreased after feeding a small particle of diet, such as crushed grains and/or ground hay, and contrary, it will be lengthened after feeding a relatively large particle of diet, such as a long hay, being due to decrease a physical stimuli to the rumen wall (Balch et al., 1951) . If the animal has received same amount of diet consisted with small particle, the attack of microbes in the rumen could be much more easy as compared with that of diet consisted with large particle, because of a wide surface area of feed particle in the former. Then, the small feed particle attacked by microbes will be further fractionalized in the rumen, and consequently their passage rate through the rumen will be more faster, i.e., an increase of passage rate and a decrease of retention time of digesta in the rumen clearly induce a reduction of time spent ruminating (Gordon, 1958) . Therefore, it is obvious that the difference in species and/or characteristics of feed not only effects directly on chewing behaviour by their physical properties, but also influences indirectly the chewing behaviour with the changes in extent of ruminal fermentation (Fujihara, 1980; Fujihara et al., 1989) . On the other hand, the changes in chemical composition of feed will have an influence on eating and rumination behaviour i.e., the chewing activity will be closely related with changes in an extent of rumen fermentation (Fujihara and Nakao, 1990 a,b) .
In order to investigate the effect of change in chemical composition alone in the feed on eating and rumination behaviour, it might be difficult to change the chemical composition of the diet without any changes of physical properties. In the present experiment, therefore, the eating and rumination behaviour were investigated, as well as feed utilization, under the condition changing ruminal volatile fatty acids (VFAs) concentration by continuous infusion of acetic or propionic acid into the rumen of sheep fed on hay diet alone. The VFAs infusion level was in a range that could occur after changed dietary chemical composition. Part of this work has been briefly described by Fujihara et al. (1990) .
MATERIAL AND METHODS

Animals and management
Two Japanese Corriedale wethers with rumen fistula, weighing 33.8 and 34.0 kg, were used repeatedly. They were kept in metabolism cages throughout the experimental period, and fed 2.0% dry matter (DM) per kilogram body weight per day of the sun-cured hay harvested from a predominantly Italian ryegrass pasture. The hay diet was cut to about 10 cm long before feeding. Chemical composition (as % DM) of the hay was as follows: organic matter, 87.1; crude protein, 7.3; crude fat, 2.8; crude fibre, 37.8; nitrogen-free extractives (NFE), 39.3. Fresh water and salt licks containing trace elements were available at all times. One-half of the daily ration was given at 09.00 and the other half at 17.00.
Treatments and design
To control the effect of acids infused on energy metabolism of animals, acetic and propiomic acids were ruminally infused with buffer at a rate of 62 mmol and 35 mmol per hour during 24 h, respectively. These VFAs infusion levels are in a range, which will be changed in the rumen of sheep on ordinary feed, and supplied 300 kcal per day per head. Each acid solution was 1,000 ml as total, and the composition of buffer was consisted of 37 g sodium bicarbonate (NaHC0 3 ), 19 g potassium bicarbonate (KHC0 3 ) and 4 g sodium chloride (NaCl) per litre for acetic acid solution, and 40 g sodium bicarbonate (NaHC0 3 ) per litre for propionic acid solution. The composition of buffer was differed to adjust finely acid-base balance (about pH 4.5-5.0) of each acid solution due to the difference in the volume of both acids infused. Each acid solution was continuously infused into the rumen with a peristaltic pump (Tokyo Rika Co., Tokyo, Japan) for 24 h. A crossover design was adopted for treatment (acid infusion) and control in each trial (Table 1) . 
Sample collection
In each trial, 5-day sampling period was preceded by a 7-day preliminary period, and faeces and urine were collected daily just before the morning feeding. On the final day of each period, approximately 100 ml of ruminal contents were sampled using the stomach tube at 09.00, 10.00, 11.00, 12.00, 14.00 and 16.00 to measure the pH and the concentrations of ammonia and volatile fatty acids (VFAs) in the rumen. Similarly, approximate 10 ml of jugular blood was collected at 09.00,12.00, 14.00 and 16.00 to determine the concentrations of glucose, urea-nitrogen and total protein in blood plasma.
The time spent chewing during eating and ruminating were measured daily by the method of Fujihara (1980) using a wire strain gauge on the lower jaw (Harumoto and Kato, 1979) during 5-day sampling period in each period. The term used in this paper to indicate the rumination behaviour are the same as in the previous report of Fujihara (1981) based on the work of Gordon (1955) .
Analytical methods
Nitrogen in the diet, faeces and urine were analyzed by the Kjeldahl method, and the contents of crude fat, crude fibre and crude ash in the diet and faeces were determined by AOAC method (1960) .
Ruminal pH value was measured by a glass-electrode method using a pH meter (Horiba M.8L, Horiba Seisakusho Co., Kyoto, Japan). Ammonia in the ruminal fluid was analyzed by the method of Oser et al. (1965) , and VFAs were determined by gas chromatography (Erwin, et al., 1961) . Glucose, urea-nitrogen and total protein in blood plasma were analyzed using the Unitest System (Model 300, Biodynamics, Inc., USA).
Test for significance of difference between two groups was done by /-test.
RESULTS
Apparent digestibility and nitrogen balance
As shown in Table 2 , digestibility of organic matter, crude protein, crude fibre and NFE tended to decrease after infusion of acetic acid as compared with that in control, but not significantly (P>0.05). On the other hand, the digestibility of organic matter and NFE tended to increase (P>0.05) after infusion of propionic acid than that in control, but not significantly.
In nitrogen balance, the urinary nitrogen excretion was markedly lower after infusion of acetic acid than that in control, and consequently, retained nitrogen was 2 times more in the former than in the latter (P<0.05). After infusion of propionic acid, the urinary nitrogen excretion was also lower than that in control, and then, as a result, the retained nitrogen tended to increase in the former than in the latter, but not significantly (P>0.05).
Eating and rumination behaviour
The time spent eating relatively changed daily after infusion of acetic acid, and the range of daily variation was about 80 min, whereas it was almost constant during consecutive 5 days in control (Table 3) . As a result, average daily time spent eating was almost the same in both groups. After infusion of propionic acid, daily time spent eating and eating rate tended to increase as compared with that in control, but not significantly (P>0.05). Rumination appearance (lag time after eating) clearly tended to be longer after infusion of acids as compared with that in control, and the difference of values between treatment and control was greater after infusion of acetic acid than after infusion of propionic acid. In rumination behaviour (Table 4) , daily time spent ruminating and daily number of boli tended to be smaller (P>0.05) in acetic infused than control group. As a Gordon, 1961) result, the rumination index (time spent ruminating per 100 g DM) ( Table 5 ) was slightly lesser (P>0.05) with acetic acid infused than control group. 
pH value and the concentrations of ammonia and VFAs in rumen fluid
The pH value in rumen fluid was fairly lower after infusion of acetic acids than that in control, and the concentration of ammonia in rumen fluid was also lower after infusion of acetic acid than in control (Table 6) . Contrarily, the concentration of VFAs in the rumen fluid was about 1.5 times higher after infusion of acetic acid than that in control would be due to infusion of acid.
After the infusion of propionic acid, ruminal pH value tended to be higher than in control, and this is an opposite result after acetic acid infusion described above. The ruminal level of ammonia tended to be lower after infusion of propionic acid than after control, and contrarily, the level of VFAs in rumen fluid was fairly higher (P>0.05) in the former than in the latter, but the extent of difference between the acid infusion and the control was smaller than that observed after the infusion of acetic acid. Infusion of acetic acid resulted to an increase in acetic acid but reduced the concentrations of propionic, butyric and iso-valeric acids in the rumen fluid. This clearly showed an extent of ruminal fermentation would be depressed by acetic acid infusion.
In the treatment of propionic acid, the ruminal concentration of propionic acid was about two times heightened after the infusion of propionic acid, and there were no phenomenon to decrease the levels of the other volatile fatty acids as shown in the treatment with acetic acid.
The changes in glucose, urea and total protein in the plasma
The concentrations of glucose and total protein in blood plasma (Table 7) were not changed after the infusion of acetic acid into the rumen. The slight decrease of plasma level of urea would be due to decrease of ammonia in the rumen after the infusion of acetic acid. Contrary, the plasma glucose level was fairly elevated (P<0.05) by ruminal infusion of propionic acid, and this could be due to a reflection of propionic acid as a precursor of glucose. The level of plasma total protein did not change after the treatment of propionic acid. The slight decrease of plasma urea level after infusion of propionic acid, would be as a result of the level of ammonia in the rumen.
DISCUSSION
On the digestibility of dietary nutrients, the digestibility of OM, crude protein, crude fibre and NFE tended to decrease after the ruminal infusion of acetic acid, and contrarily, there was no clear pattern on nutrient digestibility after the infusion of propionic acid. In general, the main reason for decrease of nutrient digestibility in ruminants has been thought to be an increase of passage rate of ruminal digesta and/or a clear decrease in activity of rumen microbes. In the present experiment, there was no change in the time spent ruminating and the number of boli regurgitated, which has been thought to be closely related with the passage rate of digesta from the rumen, after the infusion of acetic acid. On the other hand, the cyclic rate, which has been thought to be closely related to a lowered movement of reticulorumen, tended to be relatively longer after the infusion of acetic acid. Therefore, the decrease in digestibility of nutrients after infusion of acetic acid would be due to a decrease in microbial activity in the rumen, because it will be closely related to movement of the reticulo-rumen as mentioned above. The ruminal ammonia concentration, which will be an indicator showing an extent of rumen fermentation, however, tended to decrease after infusion of acetic acid than in control. Similarly, the levels of other VFAs (propionic, butyric and iso-valeric acids) except acetic acid were also reduced after infusion of acetic acid as compared with that in control. In this experiment, the acetic acid was infused with buffer solution to avoid an acute effect on ruminal condition. The ruminal pH value generally decrease in proportion to the level of VFAs (Weston and Hogan, 1968) , then the acid infusate was slightly acidified to reappear the general aspect in the present experiment (acetic acid solution: 4.5, propionic acid solution: 5.0). It is generally accepted that the decrease of ruminal pH will suppress the microbial activity, in particular cellulolytic bacteria, in the rumen. Therefore, the decrease of pH value after infusion of acetic acid in this experiment probably prevented the degradation of fibre fraction in the ration.
Likewise, the decrease in ruminal pH value after infusion of acetic acid is also thought to be related with the prolonged rumination appearance after the infusion of acetic acid in this study, because it has been reported that the lag time after eating clearly increase and the appearance of rumination activity also is reduced when the ruminal pH value is relatively low (Pearce and Moir, 1964; Pearce, 1965) . About the reason why rumination activity does not occur immediately after eating, it is also thought to decrease a physical stimulation of ingesta swallowed to the rumen wall due to coating by mucoprotein in the saliva. In the case of acetic acid-infusion, the activity of cellulolytic bacteria weakened under the low ruminal pH and delayed further the degradation of mucoprotein in the rumen as compared with that in control. After the infusion of acetic acid, the daily time spent ruminating and number of boli regurgitated, as well as rumination appearance, which is thought to relate to movement of the reticulo-rumen was relatively lower than that in control. This indicated that the motility of the reticulo-rumen was relatively weakened after the infusion of acetic acid as compared with that in control. The infusion of acetic acid clearly (1.5 times) increased the VFAs, in particular acetic acid concentration in the rumen, resulting to increase the amount of acetic acid in the digesta leaving the rumen and flowing into the lower gut in the circumstance. There will be, therefore, some reduction of rumination activity caused by an increase of acid concentrations in the digesta leaving abomasum, because it has been reported that an increase of acetic acid level in the duodenal digesta obviously reduce a motility of the reticulorumen (Yamasaki, 1986) .
On the other hand, daily time spent ruminating and the daily number of boli regurgitated after the infusion of propionic acid were almost the same as that in control, and there was no effect of ruminal acid infusion on a motility of the reticulo-rumen. The fact that the ruminal infusion of propionic acid did not have any effect on a motility of reticulo-rumen and on the rate of passage of digesta through the rumen seems to be closely related to lack of difference in apparent digestibility of nutrient between propionic acid infused and control group. This would be due to relatively low level of propionic acid infused in this experiment, and therefore, it is clear that the propionic acid infused at low level would has no remarkable effect on the reticulo-ruminal contractions.
The calorie per gram of acetic acid and propionic acid is 3.35 and 4.87 kcal, respectively, and the total energy of each infusate of both acids was similar (300 kcal/day). Therefore, the molarity of propionic acid solution was lower than that of acetic acid solution. In the experiment with duodenal infusion of VFAs in ruminant, it has been reported that the feed intake and reticulo-ruminal motility were markedly influenced with acetic acid-infusion at physiological level, although that was influenced with propionic acid-infusion at 20 times of physiological level (Yamasaki, 1986) . Likewise, in the present experiment, the fact that the effect of ruminal infusion of propionic acid on daily rumination time and/or number of boli regurgitated, which is thought to relate with the reticulo-ruminal motility, was lesser than that after the infusion of acetic acid would be due to a relatively low level of ruminal VFAs in the former than in the latter.
Generally, in ruminant animals propionic acid appears little in the peripheral blood, whereas acetic acid appears in some extent (0.3-1.0 mmol/dl) in the blood. In the present experiment, however, the effects of levels of some organic acids, such as acetic and propionic acids in the peripheral blood on the feed intake and/or rumination behaviour was not clear.
No negative balance observed after infusions of acetic and propionic acids as well as control, and this obviously indicates that the hay used as a basal diet contained the enough amount of nitrogen to meet the requirement of animals. On the retained nitrogen, the figures in infused group were quite high as compared with control group. In the partitioning of absorbed protein in the body, it is generally recognized that an energy supply take precedence over protein synthesis in the animal body, and therefore, if energy intake is relatively low, the amounts of protein and/or amino acids to be used for energy supply will be increased, consequently, protein synthesis will be decreased in the body. In other word, the amount of nitrogen for protein synthesis obviously increase when some carbohydrates and/or lipids was supplemented as an energy source. In the present study, the organic acids (acetic and propionic acids) infused ruminally is clearly thought to contribute as an energy source for protein sparing in animal body, i.e., an increased retained nitrogen after infusion of acetic and propionic acids could be due to increase of energy supply from acetic acid or propionic acid as compared with that in control. It also seems that propionic acid will be relatively superior to acetic acid as a glucogenic substance in ruminant animals (Armstrong and Blaxter, 1957; Eskeland et al., 1974) .
In conclusion, the results suggest that acetic acid or propionic acid supplied additionally at physiological level into the rumen of sheep fed on hay diet alone clearly improves the utilization of dietary nitrogen, with no clear effect on the eating and/or rumination behaviour in sheep. dalanego z moczem byla istotnie mniejsza (P<0,05) przy infuzji kwasu octowego, czego nastQpstwem bylo zwie^kszenie (P<0,05) retencji azotu. StQzenie glukozy we krwi bylo podobne u owiec otrzymujacych kwas octowy i u kontrolnych, natomiast wie^ksze (P<0,05) u owiec, ktorym infundowano kwas propionowy.
Na podstawie otrzymanych wynikow mozna Sc\dzic, ze podawanie do zwacza, w ilosciach fizjologicznych, kwasow octowego i propionowego owcom zywionym tylko sianem poprawia wykorzystanie azotu, natomiast nie ma wyraznego wplywu na pobieranie paszy i przezuwanie.
